ABSTRACT. The first Carboniferous palaeofloristic locality recognized in Argentina is situated to the south of the Sierra Chica de Zonda in San Juan Province, Argentina. The fossiliferous site known as Retamito or Río del Agua provided plant remains which were studied by the Polish scientist Ladislaus Szajnocha in 1891. Szajnocha proposed an early Carboniferous age for the assemblage and described some species of lycophytes and sphenophytes, and foliage of cordaitalean and probable pteridosperms. Subsequent studies of this outcrop and its palaeontological content have been few, and a new interdisciplinary approach is needed. The succession is interpreted as fluvial-deltaic in origin, with intercalation of shallow marine deposits, which provided diagnostic plant components of the Nothorhacopteris/Botrychiopsis/Ginkgophyllum Biozone of the late Carboniferous in Argentina. Palynological assemblages recovered from the same strata contain bisaccate taeniate pollen and spores (e.g. Striatosporites heyleri) that support an age probably not older than early Moscovian.
The Carboniferous outcrops located near the town of Pedernal in San Juan Province, Argentina, have been mentioned in the literature since the end of the 19 th century. The site, known as Retamito but also identified as Río del Agua or Las Crucecitas (see González Amicón 1973) , provided the first Carboniferous plant remains in Argentina. Berg (1891a, b) , Kurtz (1891 Kurtz ( , 1894 , Szajnocha (1891) and Bodenbender (1893) , were the first to recognize the importance of the stratigraphic section. Later, Frenguelli (1944 Frenguelli ( , 1946 , Polanski (1970) and González Amicón (1973) improved the palaeontological and geological knowledge of the fossiliferous site.
Previously, Geinitz (1876) had mentioned the presence of fossil plants in outcrops referred today to the Carboniferous Agua Colorada Formation in La Rioja Province, but proposed a Triassic age for the unit. When Kurtz (1921) revised the palaeoflora, the stratigraphic section was considered to be Carboniferous in age.
The Polish scientist Ladislaus Szajnocha was the first to illustrate a plant fossil collection (given by Berg) from the Retamito or Río del Agua locality (Szajnocha 1891). Szajnocha reported that at the end of 1889 he received from Dr. Carlos Berg (Professor of Zoology and Botany at the University of Buenos Aires) a collection of fossil plant remains collected at Retamito in San Juan Province, Argentina. According to information provided by Fernando Meister (priest and director of the seminary in San Juan) to Szajnocha, the fossiliferous outcrops are located "three leguas west of the Retamito [railway] station between the towns of Divisadero and Los Berros in a ravine deeply excavated by rain." At that time one legua equaled approximately 5 km; that makes a distance of ca 18 km between the presently abandoned Retamito railway station and the outcrops (Figs 1, 2C ).
Despite the importance of this fossiliferous site, there have been few geological and palaeontological studies of it; an update of its palaeofloristic content is needed to constrain the age of the deposits and to improve their correlation. The present contribution also is intended to stress the importance of the taxonomic identifications made by Szajnocha (1891), which allowed a Carboniferous flora to be recognized in Argentina for the first time.
HISTORICAL BACKGROUND
In 1870, Law 448 enacted by the Argentine government boosted the search for coal by granting leases to the discoverers of high-quality deposits. Around 1887, José Maasen discovered a coal deposit near the Retamito locality and informed Fernando Meister (priest and director of the seminary in San Juan), who collected plant remains that were sent to Carlos Berg at the Museum of Buenos Aires (Berg 1891b: 70, 71) .
Berg sent plant remains found in the Retamito locality to Professor Szajnocha in Kraków and published the first news about Carboniferous coal deposits in the country (Berg 1891a, b) . In the following months, Szajnocha (1891) confirmed the age of the deposits by describing the fossil flora preserved in the coal. Kurtz (1891) also supported the age of the deposits, based on plant samples sent him by Brackebush, a geologist who visited the mine, accompanied by Maasen (Berg 1891: 71). Zuber (1892) distinguished the coal deposits of Retamito from the Triassic coal deposits that had been discovered in Argentina. Bodenbender (1893) visited the fossiliferous site, accompanied by Maasen, and provided the first description of its location and geological setting, as well as an excellent historical account of the discovery. He also provided a detailed description of the Retamito or Río del Agua succession, dividing it into sixteen horizons, from the limestone basement to the reddish shales and sandstones of the upper sector, including the plant fossil-bearing black shales, all together 127 meters thick.
Later, Bodenbender (1896) made the first correlation of Retamito with other Argentinian localities containing coal, such as Huaco (Tupe Formation), Cerro Bola (Tupe Fm), Cerro El Fuerte (Tupe Fm), Panacán (Panacán Fm) and Trapiche (Volcán Fm). Valentin (1897) used geological and palaeontological data to confirm the existence of the Carboniferous System in Argentina, noting the fossil plants studied by Szajnocha and Kurtz from Retamito.
Half a century later, the fossiliferous outcrops were examined by Frenguelli (1944) , who located the site near the Río del Agua waterfall, 16-17 km west of the Retamito railway station, and published a stratigraphic section of the outcrops, indicating the position of the fossiliferous levels (ca 10 m above the basal conglomerate; Fig 2A) . He described and illustrated new specimens, and proposed a younger age for the assemblage that referred to the upper Westphalian. Bracaccini (1946) improved the stratigraphy of the Río del Agua deposits mentioned by Bodenbender (1902) , with detailed tectonic and sedimentary descriptions, giving a total thickness of 650-700 m for the deposits; according to Bracaccini, an angular discordance separates the Carboniferous outcrops from eopalaeozoic limestones.
The low quality of the coal deposits in Río del Agua discouraged geological studies in the area, but the northern Carboniferous outcrops of the Sierra Chica de Zonda were analyzed by Amos (1954) and referred to the Jejenes Formation. He pointed out the absence of evidence for including the deposits of Retamito in that lithostratigraphic unit. Following that scheme, Polanski (1970) proposed the new name "Retamito Formation" for the Carboniferous succession at Río del Agua, and González Amicón (1973) described the succession in detail in a palynological analysis.
In brief communications, Ruzycki de Berenstein (1987) and Ruzycki de Berenstein and Bercowski (1988) interpreted the whole unit as having been deposited in a fluvial palaeoenvironment. Recently, Vázquez et al. (2016) reinterpreted the succession as alternating (Fig. 2 B, D) would be coeval to the coal deposits found in the Tupe Formation (Paganzo Basin). The upward change of color in the Río del Agua succession from greenish to reddish would be equivalent to the transition from the Tupe Formation to the overlying Patquía Formation.
PALAEOFLORISTIC CONTENT
We analyzed the palaeofloristic content of the unit by revising several original specimens studied by Kurtz (deposited at the Paleobotanical Collection of Córdoba University under CORD PB) and Frenguelli (deposited at the La Plata Museum under LPPB) and also new mega-and microfloristic samples. We also compared the specimens described by Szajnocha (1891); Table 1 compiles data on equivalence to previous identifications.
In the original collection of eighteen specimens, Szajnocha (1891) The flora was characterized as a "Flora of Lepidodendron" and considered early Carboniferous, equivalent to the basal stage of the "Kuttung series" of New South Wales and chronologically equivalent to the middle part of the Dinantian of Europe and the Mississippian of North America. However, Frenguelli (1944) made a new collection in the carbonaceous strata of the lower section which were interpreted as probably glacilacustrine in origin; he described the dominance of Calamites peruvianus Gothan stems and rare specimens of Botrychiopsis weis siana Kurtz, Gondwanidium plantianum (Carr.) Gerth (=Neuropteridium validum Carruthers) and Lepidodendron peruvianum Goth., and assigned a late Carboniferous (Stephanian) age to the flora. Later, Archangelsky and Arrondo (1971) C o m m e n t s. Specimens illustrated by Szajnocha (1891) were described as "larger to 35 mm wide, as well as younger barely 2 mm wide and somewhat blurred branches"; long, narrow, thin leaves occur scattered in the samples, and ribbed contorted stems were interpreted as roots (Szajnocha 1891: pl. I, fig. 3 ). He assigned the specimens from Argentina to Archaeocalamites radiatus Brongniart, a species characterized by having whorls of narrow and bifurcated leaves.
Later, Kurtz (1921) mentioned the presence of Archaeocalamites radiatus (Brong.) var. scrobiculatus (Schloth.) Seward at the Río del Agua locality. Archangelsky et al. (1995) revised specimens CORD PB no. 393-395 of Kurtz's collection, describing leaf whorls bearing narrow leaves bifurcated several times, attached to stems similar to Paracalamites; they proposed that the specimens represent a new taxon. Here we reproduce (Pl. 1, fig. 3 ) figure 5 of plate XXXVI of Kurtz (1921) , corresponding to specimen CORD PB no. 394 (Pl. 1, fig. 4 ) which probably was broken.
We collected small axis fragments 2 cm long and 0.2 cm wide (PBSJ 1475, Pl. 1, fig. 1 ) bearing narrow, linear, bifurcated leaves, which are equivalent to those illustrated by Szajnocha (1891). A larger stem, 9.5 cm long and 2 cm wide, is represented in sample CORD PB 874 (Pl. 1, fig. 2 ), also bearing the holotype of B. weissiana (Kurtz 1894). It preserved a node with continuous ribbing, without leaves. Some specimens collected (LPPB 10752) and described by Frenguelli (1944) and referred to Calamites peruvianus, up to 2.5 cm wide and 17 cm long, complete the assemblage of equisetalean stems.
Gondwanites subtilis Césari & Perez Loinaze described from Pennsylvanian deposits in the nearby Sierra de Barreal (Césari & Perez Loinaze 2006) appears to be the taxon of the specimens from Retamito. It has slender ultimate axes bearing whorls of very thin, simple or divided leaves in the same whorl. Bractless fertile whorls are located just below the vegetative whorls.
Class LYCOPSIDA Order PROTOLEPIDODENDRALES R e m a r k s. The description and interpretation of the lycophytes preserved as impression specimens are based on the morphological distinctions proposed by Thomas and Meyen (1984) .
Genus Brasilodendron Chaloner, Leistikow & Hill 1979 Brasilodendron cf. B. pedroanum (Carruthers) Chaloner, Leistikow & Hill 1979 Pl. 1, figs 5, [8] [9] [10] C o m m e n t s. Szajnocha (1891) described as Lepidodendron pedroanum Carruthers, stems with "spiraling, rounded-rhombic leaf cushions between 5 and 6 mm in size, showing, in impressions of the outer surface of the bark at its upper end, one well-protruding, approximately crescent-shaped depression which stands out on the outer surface of the bark fragment as a rather sharply outlined scar". Archangelsky et al. (1981) fig. 1 ), Lepidodendron ex gr. L. nothum Unger, with closely arranged, rhombic leaf cushions, is poorly preserved, impeding a precise identification according to Archangelsky et al. (1981) . Similar specimens were mentioned by Kurtz (1894 Kurtz ( , 1921 as Lepidodendron pedroa num (Carruthers) Szajnocha and re-illustrated by Archangelsky et al. (1995) .
Arrondo and Petriella (1979) described the specimens CORD PB 395a and 396 of Kurtz's collection deposited at Córdoba University as Lycopodiopsis pedroanus (Carruthers) Edwards emend. Kräusel. These specimens were also revised by Archangelsky et al. (1981 Archangelsky et al. ( , 1995 and considered to be a new species of Bumbudendron (the lycophyte that characterizes the Pennsylvanian flora of western Argentina) and similar to "Lepidodendropsis peru viana" (Gothan) Jongmans. Frenguelli (1944) suggested that the lycophytes illustrated by Szajnocha (1891) and Kurtz (1921) belong to Lepidodendron peru vianum Gothan. Archangelsky et al. (1981) stated that the specimen illustrated by Frenguelli (1944: pl. 10, fig. 1 ) from Retamito as L. peruvianum is similar to Bumbudendron paganzianum Archangelsky, Azcuy & Wagner. However, its poor preservation prevents precise identification of the decorticated stem.
In our revision of specimens CORD PB 395 and 396 (Pl. 1, figs 5, 10) analyzed by Kurtz and illustrated by Archangelsky et al. (1995) , we describe them as incomplete and decorticated fragments up to 16 cm wide. These stems show closely spaced subrhombic leaf cushions arranged in lepidodendroid phyllotaxis, up to 10 mm high at 7 mm maximum width (halfway up the leaf cushion), with a rounded apex. There are no distinctive leaf scars but the leaf insertion seems to have been subapical (Pl. 1, fig. 9 ). They are similar to the sample illustrated by Szajnocha (1891: pl. I, fig. 2 ), which was described by Archangelsky et al. (1981) as a possible representative of B. paganzianum, segregating the specimen illustrated in Szajnocha's plate I, fig. 1 by its rhombic leaf cushions. However, similar rhombic leaf cushions are recognized in CORD PB 396 (Pl. 1, figs 8, 10, see arrow), where their morphology varies, as is usual in lycophytes, by ontogeny and degree of decortication.
Among the species that have been compared with the lycophytes found in the Retamito Formation, we agree in part with the proposal of Arrondo and Petriella (1979) , who referred them to Lycopodiopsis pedroanum (Carruthers) Edwards emend. Kräusel. They coincide in the shape of decorticated leaf cushions as described by those authors. Chaloner et al. (1979) restricted Lycopodiopsis to material with preserved anatomy and proposed Brasilo dendron for imprints and compressions bearing leaf cushions lacking evidence of leaf abscissions and ligule pits. Therefore, we assign to Brasilodendron the lycophytes from Retamito, which are also similar to its type species.
Remains of lycophytes up to 15 cm in width, suggesting a subarborescent habit, have also been described in northwestern Argentina in the Tupe and Solca formations (Césari 1982 , Coturel et al. 2009 C o m m e n t s. Szajnocha (1891, pl. II, fig. 4 ) reported Cordaites cf. borassifolius Brongniart, a species characteristic of the European Carboniferous. Kurtz (1894) also recognized cordaitalean leaves in the palaeoflora of the Retamito Formation.
A new specimen (PBSJ 1480) collected at Río del Agua is illustrated in Pl. 2, fig. 6 , which is a leaf 10 cm long and a maximum 2.7 cm wide at the distal part, with ca 20 parallel veins per cm. These morphological characters correspond to those of Cordaites rio janus Archangelsky & Leguizamón, a species described for small cordaitalean leaves from the Pennsylvanian flora of Argentina (Archangelsky & Leguizamón 1980) . However, it must be considered that leaf morphology and venation are of little taxonomic value, as demonstrated by Šimůnek (2007) and Šimůnek and Florjan (2013) .
PALYNOLOGY
The first palynological studies of the Retamito Formation were those of González Amicón (1973) , based on seven samples from carbonaceous strata with plant remains. Gutiérrez and Césari (1987) added to the palynological content of the unit, mentioning the presence of monosaccate pollen.
Recently, new sampling of the sequence allowed us to identify abundant and well-preserved assemblages containing monolete and trilete spores, together with monosaccate and taeniate bisaccate pollen (Vázquez et al. 2016 ). The following species have been identified in the Retamito Formation in the three palynological contributions mentioned above:
Spores:
Ahrensisporites cristatus Playford & Powis (Pl. 1, fig. 8 fig. 20) 
COMPARISONS AND AGE
The palynological assemblages can be referred to Subzone B of the Raistrickia densa/ Convolutispora muriornata Biozone (DM) proposed by Césari and Gutiérrez (2000) for the upper Palaeozoic of central-western Argentina. The three subzones of the DM Biozone are characterized by an abundance of monosaccate pollen. The palynofloras from Río del Agua contain the two species that give the name to the biozone, and other diagnostic species such as Spelaeotri letes ybertii, Grossusporites microgranulatus and Lundbladispora braziliensis. The presence of taeniate bisaccate pollen allows comparisons with Subzones B and C. Moreover, the recognition of Striatosporites heyleri indicates at least a Moscovian or younger age for the deposits (see Playford & Dino 2000) . In the same way, the smooth specimens of S. heyleri that can be described as Laevigatosporites vulgaris have their worldwide first occurrence in the Moscovian. Argentinian Subzones B and C were referred to the late Bashkirian and Moscovian by 206 Pb/ 238 U zircon dating (Césari et al. 2011 ). Subzone B is constrained between 318.79 ± 0.10 Ma at the base and 315.46 ± 0.07 Ma at the top. Transgressive successions related to Subzone C probably were deposited in the interval of 206 Pb/ 238 U ages 312.82 ± 0.11 Ma and 310.71 ± 0.1 Ma (Gulbranson et al. 2010, Césari et al. 2011) .
Macrofloristic remains identified in the Retamito Formation belong to the Nothorhaco pteris/Botrychiopsis/Ginkgophyllum Biozone (NBG), which expands in the late Serpukhovian-Bashkirian in northwestern Argentina (Césari et al. 2011 ). This monotonous and not very diverse flora includes assemblages preserved in glacial and postglacial deposits of the widespread Guandacol and Tupe formations and their local equivalents. The younger Krauselcladus-Asterotheca Biozone (Carrizo & Azcuy 2015) includes the latest Carboniferous assemblages where the first occurrences of conifer and fern remains are identified and glossopterid leaves are absent. Although this megafloristic biozone, identified in the upper section of the Libertad Formation, has been considered coeval with the palynological Subzone C, few (Di Pasquo et al. 2010) referred to the Ghzelian-Cisuralian (Césari & Chiesa 2017) . Other palaeofloras considered to undoubtedly belong to the KA Biozone (by the presence of the two key taxa) associated with palynofloras have not been described up to now in northwestern Argentina. Moreover, Gutiérrez and Barreda (2006) proposed that the stratigraphic range of Krauselcladus argentinus Archangelsky must be extended to the early Pennsylvanian. Therefore, the precise age of this biozone remains uncertain until further studies permit its age to be constrained to the late Pennsylvanian.
STRATIGRAPHIC CORRELATIONS IN THE AREA
To the north of the Río del Agua site, the Jejenes Formation (Amos 1954) crops out in a large area between Las Lajas and Los Berros creeks, on the eastern margin of the Sierra Chica de Zonda. Amos (1954) described the section of reference at Quebrada Grande -Jejenes and La Mina creeks, with glacial deposits at the base and plant remains at the top.
The Río del Agua outcrops have been described as the Jejenes Formation by some authors (Gutiérrez & Césari 1987 , Archangelsky et al. 1995 but there are differences between the Retamito and Jejenes formations that make it possible to separate them. Although they share some plant species assigned to the NBG Biozone, there are differences in their palaeoenvironmental sedimentation and palynological assemblages. Kneller et al. (2004) and Dykstra et al. (2006) described the Jejenes Formation as filling of a glacial valley and its tributaries in a palaeofjord environment with catastrophic sedimentation at Quebrada Grande Creek. They mentioned the presence of large wood fragments in silty mudstones lacking dropstones. Anatomically preserved trunks were described by Pujana (2005) at La Mina Creek (Cladera et al. 2000) Césari and Gutiérrez (2001) for the basal part of the Jejenes Formation based on the most abundant palynofloras described by Césari and Bercowski (1997) . The age of Subzone A was considered late Serpukhovian-early Bashkirian by Césari et al. (2011) .
The absence of late Serpukhovian-early Bashkirian glacial deposits in the Retamito Formation, which characterized a key stratigraphic level of correlation in northwestern Argentina, supports a younger age for this unit. Moreover, the available data on the palaeontological content of the Jejenes Formation also suggest its older age, based mainly on the absence of taeniate pollen in the palynofloras up to now known for that unit.
The Andapaico Formation, another upper Palaeozoic stratigraphic unit in the region (Fig. 1) , was analyzed by Correa et al. (2012) at its outcrops (430 m thick) near the Bachongo site. At the basal section of the unit they recognized plant remains including conifers (Feruglio cladus patagonicus) and palynological assemblages containing taeniate pollen (Protohaploxypinus, Illinites), together with spores such as Converrucosisporites conflu ens, a key species of the late Carboniferous/ early Cisuralian boundary (Stephenson 2009 , Césari & Chiesa 2017 . Therefore, the Andapaico Formation is younger than the Retamito Formation. 
CONCLUSIONS

